A rAchnoid cysts account for about 1% of all intracranial mass lesions; 31 however, the widespread use of CT scanning and MR imaging has shown an even higher incidence of these lesions. 30 Arachnoid cysts are often an incidental radiological finding and may be treated conservatively. For symptomatic cases, many different operative procedures have been proposed, including cyst excision, 10,31,34 stereotactic aspiration, 38,56 cyst fenestration, 6 cystocisternostomy, ventriculocystostomy, 57 and cystoperitoneal shunt treatment. 13, 22, 31 The development and widespread use of neuroendoscopy has provided a minimally invasive modality of surgical treatment of these cysts. 2, 6, 9, 15, 37, 44, 55, 59, 61, 63 However, the indications for and results of the endoscopic procedure with respect to other treatments, according to cyst location, deserve to be discussed.
A rAchnoid cysts account for about 1% of all intracranial mass lesions; 31 however, the widespread use of CT scanning and MR imaging has shown an even higher incidence of these lesions. 30 Arachnoid cysts are often an incidental radiological finding and may be treated conservatively. For symptomatic cases, many different operative procedures have been proposed, including cyst excision, 10, 31, 34 stereotactic aspiration, 38, 56 cyst fenestration, 6 cystocisternostomy, ventriculocystostomy, 57 and cystoperitoneal shunt treatment. 13, 22, 31 The development and widespread use of neuroendoscopy has provided a minimally invasive modality of surgical treatment of these cysts. 2, 6, 9, 15, 37, 44, 55, 59, 61, 63 However, the indications for and results of the endoscopic procedure with respect to other treatments, according to cyst location, deserve to be discussed.
With this aim, we reviewed 18 patients with intracranial arachnoid cysts, who underwent an endoscopic technique in our neurosurgical center, and 61 reports from the literature comprising 645 patients with arachnoid cysts in different locations, treated by endoscopy, craniotomy and cyst excision, or shunting. every 2 years. The case records, operative reports, and pre-and postoperative CT scans and/or MR images were analyzed.
The literature review includes 61 reports for an overall number of 645 patients with intracranial arachnoid cysts. Only series in which the results and outcomes were specified according to the cyst location and the surgical technique were included; reports that provided global results and those including patients studied before the CT scanning era were not considered.
The cysts in this study were located in the suprasellar, quadrigeminal, sylvian region and middle fossa, cortical and interhemispheric, and posterior fossa regions. The modalities of surgical treatment included craniotomy and cyst excision or fenestration, shunt treatment of the cyst, and endoscopic fenestration. To be included in the study, patients (children and adults) only underwent 1 surgical procedure that was well specified and had a follow-up of at least 6 months. Patients treated by combined procedures, such as endoscope-assisted or endoscope-controlled microneurosurgery, were excluded.
The outcome has been defined on postoperative clinical and radiological data. For the definition of clinical outcome, symptoms of intracranial hypertension and focal neurological signs were considered. Accordingly, 4 outcome grades were defined: complete remission, partial remission, unchanged, and worsened. The outcome of the psychomotor delay and epileptic seizures was not considered, because these symptoms often are not correlated with the decrease in the cyst size.
According to the size on the postoperative MR studies at 3 months follow-up, the cyst was considered as disappeared, decreased, or unchanged. Postoperative neurological morbidity and complications, such as CSF leak, hemorrhage, and infections, were considered. The results of the different neurosurgical procedures according to the different locations were statistically analyzed and compared using the Pearson test (r).
Results

Personal Series
Clinical and Radiological Findings. There were 18 patients with arachnoid cysts (10 males and 8 females, ranging in age between 2 months and 48 years [median 19.4 years]; Table 1 ). The cyst was located in the suprasellar region in 5 cases, in the quadrigeminal cistern in 5, in the brain convexity in 2, in the sylvian region in 3, in cerebellopontine angle in 2, and in the retrocerebellar region in 1 case.
From a clinical viewpoint, 16 patients were symptomatic (Table 2) . Among them, 9 had signs of intracranial hypertension, 3 had increased head circumference, 5 had focal neurological signs, and 3 had epileptic seizures. One patient with a large suprasellar arachnoid cyst and chronic hydrocephalus had rhinoliquorrhea as the unique clinical manifestation. Finally, 2 patients, one with a large sylvian cyst and the other with a retrocerebellar cyst, were asymptomatic but underwent surgery because of a large cyst size and marked mass effect.
Surgical Technique. The endoscopic procedure was performed in all cases under general anesthesia using a flexible or a rigid fiberscope. The surgical approach was performed in all cases through a bur hole. The site of the bur hole, the endoscopic trajectory, and the site of the fenestration were planned on the basis of the MR imaging findings. Multiple fenestrations (3-5) were performed using coagulation.
The neuroendoscopic approach and technique (ventriculocystostomy or cystocisternostomy) were different according to cyst location (Table 1) . Five cases with suprasellar arachnoid cysts were approached through a right coronal bur hole. Fenestration from the lateral ventricle to the cyst was easily performed in all cases; a second fenestration of the inferior wall in the prepontine cistern was possible in 3 cases, whereas in 2 others it failed, because the basal subarachnoid spaces were completely obliterated.
Of the 5 cases of cysts in the quadrigeminal cistern, 3 had upward and lateral extension up to the median wall of the trigone and occipital horns of both lateral ventricles; these were treated through a right coronal bur hole through a lateral ventricle cyst fenestration. Two other cysts with upward extension on the posterior wall of the third ventricle were treated by third ventricle cyst fenestration.
Of the 2 cysts of the brain convexity (one frontal and the other frontoparietal), one was successfully fenestrated into the underlying lateral ventricle; in another case fenestration was not possible because of the complete obliteration of the subarachnoid spaces.
Three sylvian region cysts were approached through a pterional bur hole and treated by fenestration into the sylvian fissure (2 cases) or the ambient cistern (1 case).
Two lateral cysts of the cerebellopontine angle cistern were treated through a retromastoid suboccipital bur hole and fenestration into the prepontine cistern. Finally, in 1 patient with a large retrocerebellar cyst, the cyst was fenestrated into the cisterna magna.
Outcome. The postoperative course was uneventful in all patients. No postoperative neurological morbidity or complications occurred.
The clinical outcomes are summarized in Table 2 . Symptoms of intracranial hypertension and focal neurological signs responded better to endoscopic treatment, whereas the increased head circumference and epileptic seizures were rarely influenced.
The postoperative radiological findings are summarized in Table 3 . Fifteen patients exhibited a decrease in the cyst size and absent or decreased mass effect. In the other 3 patients, the cyst size and the mass effect were unchanged after the unsuccessful endoscopic procedure.
Fifteen (83.3%) of 18 patients presented with complete remission or significant improvement after the endoscopic procedure alone, with a follow-up ranging from 26 months to 12 years. All of these patients also had a variable decrease in cyst size. Two patients with cysts of the quadrigeminal cistern and the right frontal convexity were clinically unchanged and later required shunting of the cyst. Finally, 1 patient with a large suprasellar arachnoid cyst and rhinoliquorrhea later required a direct approach by craniotomy to widely open the cyst and obtain remission of the liquorrhea.
Literature Review
We reviewed 61 reports in the literature. One hundred sixty-nine cases of suprasellar arachnoid cysts were reviewed 5 (Table 4) . Good clinicoradiological outcome (complete or partial clinical remission) was reported in 30 (79%) of 38 patients treated by craniotomy and cyst excision, in 12 (86%) of 14 after shunting of the cyst, and in 105 (89.7%) of 117 after endoscopic (Table 7) .
Among 83 reviewed cases of posterior fossa arachnoid cysts treated by different surgical techniques, 
Limitation of the Study
In this study, the literature review is limited by the retrospective nature of the data collection. Therefore, the comparative outcomes between the treatment choices (endoscopic fenestration, microsurgical fenestration, and shunting) do not establish the optimal therapy, but rather the guidelines for treatment.
Discussion
Neuroendoscopy is very promising for treating arachnoid cysts. Although the microsurgical approach through craniotomy and fenestration and cystoperitoneal shunting are still valuable techniques, endoscopy is a very safe alternative in most cases. It is a less invasive treatment that avoids significant complications associated with craniotomy and shunt insertion (such as subdural hygroma and shunt infection, malfunction, and dependence). This is very important in young patients treated for a benign condition, such as those with arachnoid cysts. The present report confirms the benefits of endoscopy in the management of arachnoid cysts. However, the cyst location is very important when considering undertaking endoscopy. In fact, the rate of successful procedures varies according to cyst location. Moreover, endoscopic procedures should be individualized to each patient, according to the anatomical features and the relationship of the cyst with the surrounding cisterns and neurovascular structures. For this reason, we have reviewed the techniques and results of neuroendoscopy according to the different locations and have compared them with those of the microsurgical approach of craniotomy and shunting.
Suprasellar cysts are more frequently treated by endoscopy, which is clearly preferable to microsurgical fenestration and shunt insertion (Table 4) . 14, 15, 21, 45, 58, 69 The endoscopic approach through a coronal bur hole and fen- estration is rather easy. The ventriculocystocisternostomy allowing fenestration of apical and basal membranes is superior to the simple ventriculocystostomy (92.5% vs 86.3% of patients with complete or partial remission in our literature review of 117 patients treated endoscopically; Table 4 ). In fact, the dual endoscopic fenestration improves the CSF flow in the basal cisterns and allows free CSF flow from the ventricle into the cyst and cisterns, thus reducing the risk of closure of the surgical opening and recurrence. The literature shows that the endoscopic ventriculocystocisternostomy is the best treatment of suprasellar arachnoid cysts, resulting in a clearly higher success rate (92.5%) than cyst fenestration by craniotomy and cyst shunting (80% or less). Arachnoid cysts of the quadrigeminal cisterns are now currently treated by endoscopic fenestration. All 20 reviewed cases treated by microsurgical cyst excision or shunting were reported in the preendoscopic era, that is, before 1992. Because of the deep cyst location and surgical risk, these cysts are now treated endoscopically rather than via excision and shunting. Among 43 reviewed cases treated endoscopically (including our own), 32 underwent lateral ventriculocystostomy, 9 had third ventriculocystostomy, and 2 had cyst fenestration through the supracerebellar cistern; an endoscopic third ventriculostomy was also performed in 33 patients (76.7%). The success rate was almost similar after the endoscopic procedure (88.5%) and after microsurgical fenestration or shunting (85%). Endoscopic cyst fenestration from the lateral ventricle or third ventricle, according to the extension of the cyst, is a rather easy and safe procedure with no risk of damaging the deep incisural and quadrigeminal veins. Thus, endoscopy should be preferred because it is less invasive.
The best surgical management of sylvian arachnoid cysts has widely been discussed and is still controversial. The direct microsurgical approach by craniotomy allows marsupialization of the cyst under direct microscopic vision, thus avoiding stripping of the arachnoid membrane and reducing the risk of bleeding; the microsurgical approach results in a high success rate (88% in our review) with low complications. The cyst shunting results in an even higher rate of clinical remission (96.8%) but is associated with shunt dependency and malfunction. The endoscopic treatment of cystocisternostomy, by opening the membrane lateral to the oculomotor nerve or between the nerve and the internal carotid artery, can pose several surgical problems. First, the direction of the endoscopic trajectory may not be easy to define without the aid of neuronavigation in cases of very large cysts. Besides, a large fenestration is needed, due to the thickness of the cyst wall, which may favor the closure of the fenestration. Finally, as for microsurgical fenestration by craniotomy, there is a very limited area available for the surgical opening due to the proximity of the nervous and vascular structures. In our review, the success rate of the endoscopic procedure was 70% (with 12 of 50 patients later requiring a shunt insertion). However, we also advocate the use of endoscopy for sylvian cysts; the pterional bur hole approach may easily be converted into a microsurgical craniotomy for direct fenestration if the endoscopic fenestration is difficult or fails.
Arachnoid cysts of the brain convexity and interhemispheric region are best treated by craniotomy with direct cyst fenestration or cyst shunting ( Table 7) . The pure endoscopic technique may be used to fenestrate the cyst into the lateral ventricle; on the other hand, cyst fenestration into the surrounding subarachnoid spaces is difficult or often impossible because these spaces are compressed and almost completely obliterated.
Arachnoid cysts of the posterior fossa may easily be fenestrated into the prepontine or quadrigeminal cisterns or cisterna magna, depending on the cyst location. In our literature review, the success rates of endoscopic fenestration, microsurgical fenestration by craniotomy, and cyst shunting are almost similar (83%, 86%, and 90%) ( Table  8) . Thus, endoscopic procedures should be first performed, whereas a microsurgical technique may be the next step when endoscopic fenestration fails.
The overall rate of patients with intracranial arachnoid cysts of all locations who showed complete or partial clinical remission after the endoscopic procedure alone is 83.3% in our personal series and 84.2% (187 of 222 cases) in our review of 26 endoscopic series from the literature. It is only slightly lower than that of our patients who underwent endoscopic fenestration of intraventricular and paraventricular cysts (91%); 27 other series of arachnoid cysts have reported an even higher success rate, 28, 43, 53 depending on the cyst location. The causes of unsuccessful outcome in some cases include the obliteration of the subarachnoid spaces surrounding the cyst, the often limited area suitable for the surgical opening and the resulting difficulty of performing large fenestrations, and the surgical risk due to the presence of neurovascular structures.
Conclusions
The endoscopic management of intracranial arachnoid cysts is a safe and effective therapeutic modality that results in a high success rate. The approach, trajectory and site of fenestration must be planned individually in each case by using preoperative MR imaging and studied carefully intraoperatively. However, the cyst location is important for surgical decision making. Arachnoid cysts in the suprasellar and quadrigeminal regions and posterior fossa are most amenable to neuroendoscopy. For sylvian cysts the endoscopic procedure, although more challeng- ing, may be advocated in most cases. On the other hand, cortical and interhemispheric cysts should be treated by microsurgical fenestration.
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